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Outline	

•  CIMI:	Comprehensive	Inner	Magnetosphere-Ionosphere	Model		
	+	ConvecQon-Diffusion	Model	of	RadiaQon	Belts	and	Ring	Current	
	+	ConvecQon	Model	of	the	Plasmasphere	
	+	Ionospheric	PotenQal	Solver	

•  CIMI	CapabiliQes:	a	great	tool	to	study	storm	dynamics	

•  CIMI	at	CCMC	and	iSWA	

•  Future	Developments	



Modeling	Approaches	of	RadiaQon	Belts/Ring	Current	

Models	 Equa/ons	 Pros	and	Cons	 Examples	

ConvecQon-
Diffusion	Model	

𝜕𝑓↓𝑏 /𝜕𝑡 +〈𝜃↓3  〉𝜕𝑓↓𝑏 /𝜕𝜃↓𝟑  
+〈𝐽↓3  〉𝜕𝑓↓𝑏 /𝜕𝐽↓𝟑       
=∑𝑖𝑗=1↑2▒𝜕/𝜕𝐽↓𝑖   𝐷↓𝑖𝑗 𝜕
𝑓↓𝑏 /𝜕𝐽↓𝑗  +(𝛿𝑓↓𝑏 /𝛿𝑡 )↓coll  	

P:	DriW-phase	dependent,	valid	for	
wide	range	of	energy	(RC	to	RB)	

C:	Solving	advec/on	for	RB	par/cles	
is	challenging	

RAM-SCB,	CIMI,	
VERB-4D	

Diffusion	Model	 𝜕𝑓↓𝑑 /𝜕𝑡 =∑𝑖𝑗=1↑2▒𝜕/𝜕𝐽↓𝑖  
𝐷↓𝑖𝑗 𝜕𝑓↓𝑑 /𝜕𝐽↓𝑗  + 𝜕/𝜕𝐽↓3  
𝐷↓33 𝜕𝑓↓𝑑 /𝜕𝐽↓3   	
     + (𝛿𝑓↓𝑑 /𝛿𝑡 )↓coll 		

P:	Efficient,	good	for	long-term	
simulaQon	

C:	No	dri8-phase	dependence	

Salammbo,	Dilbert,	
VERB-3D,	BAS-RBM,	
DREAM	

ConvecQon	Model	 𝜕𝑓↓𝑏 /𝜕𝑡 +〈𝜃↓3  〉𝜕𝑓↓𝑏 /𝜕𝜃↓𝟑  

+〈𝐽↓3  〉𝜕𝑓↓𝑏 /𝜕𝐽↓𝟑  = (𝛿𝑓↓𝑏 /

𝛿𝑡 )↓𝑐𝑜𝑙𝑙 	

P:	DriW-phase	dependent	
C:	Diffusion	in	velocity	space	is	not	

included	

RCM,	HEIDI	

fb:	Bounce-averaged	phase	space	density	
fd:	DriW-averaged	phase	space	density	
RB:	RadiaQon	Belts	
RC:	Ring	Current	

𝜕𝑓/𝜕𝑡 + 𝛉 ∙ 𝜕𝑓/𝜕𝛉 + 𝐉 ∙ 𝜕𝑓/𝜕𝐉 = (𝛿𝑓/𝛿𝑡 )↓coll 		



CIMI:	Model	Structure	

Solar Wind, Dst, Kp, AE data
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CIMI	Storm	SimulaQon	(100	keV	e-)	
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CIMI	Storm	SimulaQon	(1	MeV	e-)	



CIMI	PredicQon	of	Electron	PrecipitaQon	
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CIMI	Predicts	RB/RC	Flux	Along	Satellite	Paths	

21:00 on 24 October during the stormmain phase at the minimum Dst index (bottom). Figures 3a and 3b cor-
respond to the flux simulated with and without EMIC waves, respectively, averaged over pitch angles less
than 10°. The Sun is on the left. Perpendicular electrons drift more elliptically than field-aligned electrons
and are more subject to drift loss to the magnetopause. We thus investigate the drift paths of 2.5MeV
(Figure 3c) and 9MeV (Figure 3d) electrons with 90° pitch angle at 2 times during the storm. The drift paths
are calculated in the RBE model, conserving the first, second adiabatic invariants, and Hamiltonian of elec-
trons given by equation (3) [Min et al., 2013a, 2013b].

H ¼ γmec2 þ e Vcon þ Vcorð Þ; (3)

where γ= (1% v2/c2)1/2; v and e are the speed and charge of an electron, respectively; and Vcon and Vcor are
the electric convection and corotation potentials, respectively. Equation (3) can be approximated by
H≈ γmec

2 for MeV electrons. Therefore, H%mec
2 corresponds to kinetic energy of MeV electron. In addition,

curvature and gradient B drift dominate E× B drift in this condition and drift paths for 2.5MeV and 9MeV are
almost identical as shown in Figures 3c and 3d.

Highly relativistic electron fluxes with energies of>2.5MeV are uniformly distributed in all MLTs, because such
electrons can drift around the Earth in just several minutes [Li and Temerin, 2001; Kim et al., 2008]. RBE-simulated
flux with EMIC waves at the core radiation belt at 3–5 RE remarkably decreases from SSC at 16:00 on 23 October
to main phase at 21:00 on 24 October in Figure 3a. In contrast, the flux without EMIC waves at the core radiation
belt remains nearly constant during this period in Figure 3b. The magnetopause moves earthward to ~7 RE at
noon at 16:00 on 23 October during the storm sudden commencement, which is far outside the core of intense
outer radiation belt. Furthermore, the drift paths for α0 = 90° in the core of the outer radiation belt at ~3–5 RE are
closed (Figures 3c and 3d), which guarantees that drift paths for α0~10°, which are more circular in shape, are

Figure 2. On 23–26 October 2002, (a) >2.5 MeV electron flux of SAMPEX, (b) RBE >2.5 MeV electron flux estimated at
670 km with H and He EMIC wave scattering, and (c) the same as Figure 2b but without EMIC wave scattering. The black
lines indicate the variations of Dst indices.
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[Kang	et	al.,	2016]	
RBE: Radiation Belt Environment Model
CIMI = RBE + CRCM
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RBE: Radiation Belt Environment Model
CIMI = RBE + CRCM

(HOPE+RBSPICE)

Van Allen Probes



CIMI	at	CCMC	



CIMI	at	iSWA	Cygnet	



Summary	and	Future	Works	

	
*		Summary:	CIMI	is	great!	
	
*		Future	Works:	
	-	transform	CIMI	transport	equaQon	to	new	coordinates	with	uniform	grid	
				i.e.,	lnE	instead	of	E	
	-	transform	to	new	coordinates	in	which	cross	diffusion	vanishes	(J.	Albert)	
	-	need	to	understand	the	sources	of	warm	(0.1	–	1	keV)	plasma	
	-	get	not	only	qualitaQve	agreements	with	data	but	also	quanQtaQvely	
	-	make	BATSRUS-CIMI	available	at	CCMC	


